Abstract. The present study aimed to assess early-stage nasopharyngeal carcinoma (NPC) with dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) and diffusion-weighted imaging (DWI) at 3.0 T. A total of 44 patients newly diagnosed with NPC were included in the present study. All patients underwent MR examination at 3.0 T using DCE-MRI and DWI. The volume transfer constant (K trans ), flux rate constant between extravascular extracellular space and plasma (K ep ), the volume of extravascular extracellular space per unit volume of tissue (V e ) and the apparent diffusion coefficient (ADC) of tumours were investigated. Furthermore, the correlation between clinical stages and ADC value and K trans were analysed. The diagnostic accuracy of K trans and ADC were estimated using receiver operating characteristic curves. NPC stage correlated positively with K trans and negatively with ADC values. Additionally, tumour K trans negatively correlated with ADC value. The sensitivity and accuracy of combined K trans and ADC in distinguishing between stage II and stage III and stage III and IV were higher than the values of either measurement used separately. The present study suggested that K trans and ADC derived from DCE-MRI and DWI may be useful to detect stage early NPC accurately. K trans and ADC in combination were superior than either alone.
Introduction
Among head and neck cancers, nasopharyngeal carcinoma (NPC) has a distinct natural history, aetiology, histopathology, and epidemiology. Male and female incidence of approximately 3:1. Most patients diagnosed with NPC tend to present with stage III or IV disease as a result of its deep location and vague symptoms (1) (2) (3) . Radiation therapy and chemoradiotherapy are the primary methods of treatment (4) , and are administered according to the clinical stage (5), making early diagnosis and staging crucial.
Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) has proven useful in characterization of tumour microcirculation and microvascular density. It can delineate the tumour margin from the surrounding tissues (6) . DCE-MRI was proved useful in field of differential diagnosis benign and malignant tumours, correlation with tumour grade and stage, early prediction response, and outcome to chemotherapy, radiotherapy and antiangiogenic therapy. Diffusion-weighted imaging (DWI) can indirectly reflect the cell density and microstructure of living tissue (7) . Magnetic resonance imaging may be the most powerful and versatile modality in the field of oncology for staging, predicting of treatment response, and identifying disease relapse, particularly in head and neck cancer (8) (9) (10) (11) (12) (13) . Over-staging and under-staging are the drawbacks of both methods. Various previous studies on bladder and breast cancer demonstrated that the sensitivity and accuracy could be increased by using DCE-MRI and DWI together (14, 15) . To the best of our knowledge, no study has combined DCE-MRI and DWI together in the diagnosis and staging of early NPC patients. The purpose of the present study was to explore the feasibility and value of DCE-MRI and DWI for early tumour staging in combination using the volume transfer constant (K MRI protocols and procedures. In the present study, we used a 3.0 T whole-body multi-channel phased array scanner system (TrioTim ® ; Siemens Healthcare, Forchheim, Germany) and a standard head and neck coil. T2-weighted images (T2WI) parameters: Spin-echo (SE) technique: Repetition time 7600 ms, echo time 93 ms, field of view (FOV) 220 mm, flip angle 90˚. DWI were acquired in the axial plane using a spin-echo single-shot echo-planar imaging sequence [TR/TE: 3000/83 ms, section thickness=5 mm, FOV=240 mm, number of signal averages (NSA)=10] with six b-values of 50, 200, 400, 600, 800 and 1,000 sec/mm 2 . A set of ADC maps of 10 sections that encompassed the primary tumour in each patient was generated for data analysis.
DCE-MRI protocols.
The DCE-MRI used a 3D-T1-fast field echo sequence axial (T1WI-vibe-axial) scan. Pre-contrast T1WI (multi flip angle) were acquired with these parameters: Flip angles=5˚, 10˚ and 15˚; FOV=220 mm; section thickness=5 mm; TR/TE=3.42/1.25 ms; NSA: 1; 26 images per one time phase and one time phase per each flip angle. After the pre-contrast scan, 25 phases of DCE-MRI images were acquired with a 3D T1WI-vibe-axial protocol and the following parameters: Flip angle=10˚ FOV=220 mm, section thickness=5 mm, TR/TE=3.42/1.25 ms; time resolution=6.0 sec. Total scan time was <4 min. Gd-DTPA-BMA was injected at the second time phase of the DCE-MRI protocol with a bolus dose of 0.1 mmol/kg by antecubital vein at a rate of 2.5 ml/sec by a power injector system, followed by a 20-ml saline flush at a rate of 2.5 ml per second. The tumour tissues were compared with the contralateral lateral pterygoid muscle 8 .
MRI data analysis. DCE-MRI images were analysed with quantitative analysis software (Omni Kinetics ® ; GE Healthcare, Beijing, China). Multi flip angle data were uploaded in software for T1 mapping analysis and DCE-MRI data were uploaded for quantitatively permeability and perfusion analysis. Regions of interest (ROIs) for arterial input function (AIF) were set by placing a 3-mm circle over the intracranial internal carotid artery, obtaining a time-concentration curve for permeability quantitative analysis. Extended Tofts Linear two compartmental model was used for permeability analysis, and the volume transfer constant (K trans ), the flux rate constant between extravascular extracellular space and plasma (K ep ), and the volume of extravascular extracellular space per unit volume of tissue (V e ) of selected slices were calculated by the model as well as the colour map of each parameter. ROIs were placed on the maximum tumour area in the axial plane on the T2-weighted fast spin (T2WI-FS) images to avoid necrosis, capsule and bleeding. We placed 80 mm 2 -100 mm 2 ROIs on the opposite lateral pterygoid muscle and measured K trans , K ep and V e accordingly. We drew the same ROIs on the Siemens workstation to obtain ADC values for comparison with DCE-MRI. All measurements were taken three times and averaged.
Statistical analysis. Data were analysed using commercial software (SPSS 16.0 ® ; IBM, Armonk NY, USA). A P-value of <0.05 was considered statistically significant. Experimental data are presented as arithmetic mean ± standard deviation (SD). The comparison of means used the independent sample t-test. The correlation between K trans , K ep , V e , ADC and clinical staging were analysed by Pearson rank correlation and linear correlation analysis. The parameters during the period of different clinical were used analysis of variance. ROC curve analysis was applied to assess the sensitivity, specificity and accuracy of K trans , ADC value, or the combination of the two to distinguish between early and advanced stages of NPC.
Results

DCE-MRI parameters and ADC. Mean
and ADC values for the tumours and lateral pterygoid muscle are displayed in Table I . NPC presented a higher parameter value than that of normal muscle tissue in the head and neck detected by DCE-MRI technique. The parameters K trans , K ep and V e of the primary tumours were significantly higher than those of the lateral pterygoid muscle. There were significant differences between tumour and normal internal pterygoid muscle (P<0.05). The ADC values of primary tumours were significantly lower than those of the lateral pterygoid muscle. Boxplots demonstrated the distribution of ADC value and K trans are displayed in Fig. 1 . We can see that K trans and ADC showed significant differences between stage II and III, stage II and stage (III and IV). We can see that K trans and ADC values in stage II were both significantly lower and higher, respectively, than those in stage III and IV Table I . Dynamic contrast-enhanced magnetic resonance imaging parameters and ADC of 44 patients with nasopharyngeal carcinoma. valuable and more important parameters in correlating and distinguishing tumour stages.
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Discussion
The present study was designed to use K trans and ADC together to improve diagnostic accuracy in the differentiation of early from advanced NPC in newly diagnosed, untreated tumours. A significant positive and negative correlation was found between clinical stage and K trans , and ADC value, respectively. This suggests that K trans and ADC values are significantly associated with characteristics of NPC. In addition, the ROC analysis further showed a good diagnostic performance of K trans and ADC value in assessing early tumour stage.
DWI reflects the random Brownian motion of water molecules within tissues. Malignant tissues show much more diffusion restriction and much lower ADC levels than normal tissues owing to their hypercellularity (16) . ADC is a quantitative parameter that can indirectly indicate microvascular circulation, cell membrane integrity, and cell density. It has a high sensitivity and specificity in the diagnosis and staging of tumours (17, 18) . In the present study, The ADCs of primary tumours were significantly lower than those of muscle. The ADC values in early stage tumours were significantly higher than those in advanced stage tumours (P<0.05). A significant correlation of ADC value and clinical stage of NPC was found. The result of the present study is consistent with the previous findings in other tumours (19) (20) (21) .
Architectural and functional abnormalities of blood vessels are a common feature in tumours (22, 23) . Estimations of tumour blood volume and permeability obtained with DCE-MRI have been found to correlate with tumour grade, prognosis, and treatment response (24) . Previous studies have demonstrated that the increase of vascular endothelial growth factor (VEGF) can induce the proliferation and migration of tumour vascular endothelial cells, and increase the permeability of microvasculature (25) . DCE-MRI enables the quantitative assessment of tumour microcirculation properties, including vessel size, distribution and permeability 6 . Tumour tissue is characterised by abundant blood flow, neovascularity, and increased microcirculation permeability, resulting in an increased transfer speed of contrast agent per unit time, such that the K trans values increase with the tumour stage. DCE-MRI can be applied not only to identification and diagnosis of benign and malignant tumours, but also can be used to monitor therapeutic effect and assess prognosis. DCE-MRI is particularly attractive in NPC patients because, comparing to PET or CT, MRI technique is an established and commonly used method for staging and depicting the target volume of NPC patients in China. This pilot clinical study on NPC revealed that there was inhomogeneous microcirculation perfusion inside and outside the tumours. The K trans , K ep , V e of primary tumours were significantly higher than the values in muscle (P<0.05). The Spearman test demonstrated that the K trans of tumours shows positive correlation with clinical stage. These were in concordance with many other studies on other tumours in vivo, such as breast cancer (26) and glioma (27) .
DWI reflects both diffusion and perfusion. Diffusion is mainly affected by cellularity, presence of oedema, fibrosis, and necrosis of the tissue. The perfusion effect is seen when a b-value of <400 s/mm 2 is used. Malignant tumours have higher perfusion rates than benign tumours (28). Perfusion can be reflected by DCE-MRI parameters K trans . In the present study, a correlation between tumour K trans and ADC value was observed. The results can be explained because malignant tissues have dense cellularity, large cellular size, and increased micro vessel density and permeability. For these reasons, the accuracy of discriminating early stage from advanced stage NPC using K trans and ADC together was improved. We also showed that K trans may be a good indicator for early staging in NPC. Therefore, our study demonstrated that both K trans and ADC derived from DCE-MRI and DWI can be helpful tools to discriminate the clinical stage. This not only provides the basis for optimizing the scan sequence, but also provides more MR functional parameters to supplement clinical staging. It can also supplement clinical staging, to further improve the sensitivity and effectiveness of early diagnosis. It can prevent false upstaging and the resulting overtreatment. Guidelines from the National Comprehensive Cancer Network (NCCN) in the US indicate that early treatment of NPC is dominated by radiotherapy alone. Advanced treatment options include concurrent radiotherapy. Simple radiotherapy is not satisfied with the effect of advanced stage (stage Ⅲ/Ⅳ) NPC. Radiotherapy concurrent chemotherapy can well control the local recurrence of tumour lesion and distant metastasis, which can significantly improve the survival time of patients. Early NPC patients with satisfactory results of radiotherapy alone, generally do not need synchronous chemotherapy, can largely help patients reduce the side effects of chemotherapy drugs and radioactive injury, etc, can well improve the quality life of patients. Therefore, the early diagnosis of NPC and accurate clinical stage of its treatment plan and the prognosis of patients plays a crucial role.
However, the present study has several limitations, including the small sample size and the lack of comparison between different types of NPC. Further investigation on more cases may improve the statistical power. DCE-MRI postprocessing needs high temporal resolution to improve the accuracy of the maps, but the slice coverage of a DCE-MRI sequence is limited. In addition, there are still some challenges to overcome when using DCE-MRI and DWI on children, elderly, or other special groups who could not endure a long examination time. Hence, the DCE-MRI and DWI technique may need further development.
In conclusion, K trans derived from DCE-MRI and ADC derived from DWI have a good potential to accurately stage early NPC. The two parameters used together offer the best accuracy.
